We analyzed the plant-litter-soil continuum to investigate the carbon and nitrogen distribution and ecological stoichiometry of an evergreen broad-leaved forest at Dagangshan Mountain, Jiangxi. The results showed that the average C and N contents and C:N ratios in the leaves and fine roots among 6 different tree species were 401.87g/kg, 21.41g/kg, 19.27 and 348.64g/kg, 15.73g/kg, 23.97, respectively; the average C and N contents and C:N ratios were 323.06 g/kg, 12.76 g/kg, 25.58 respectively in leaf litter, and 16.40 g/kg, 1.09 g/kg, 16.27 respectively for soil. In contrast with the C content, the total N content of the fine roots and litter had a high coefficient of variation and a high spatial heterogeneity. We ranked the six different representative tree species according to total C and N content in leaves and fine roots. The results for each species were generally consistent with each other, showing a positive correlation relationship between total C and N content in the leaves and roots. Among them, S. discolor (Champ. ex Benth.) Muell. plants displayed high carbon and nitrogen storage capacities, and on the other hand, C. fargesii Franch., C. myrsinifolia (Blume) Oersted, A. fortunei (Hemsl.) Makino, and V. fordii (Hemsl.) Airy Shaw showed a high nitrogen transfer rate. Total soil N and C decreased with depth.
Introduction
Earth's ecosystems are changing at a global scale. Much of this change is caused by human activities. These changes have been exacerbated by increased technological and economic developments since the industrial revolution, and by rapid population growth since the Second World War. The structure of terrestrial ecosystems, and patterns in vegetation distribution in particular, are the result of long-term climate effects, and as such are at risk of change due to human activities. In-depth understanding of ecological processes and dynamics of nutrient cycling, in particular the carbon cycle and nitrogen cycle in terrestrial ecosystems, can provide a scientific basis with which to solve major global problems such as climate change and biodiversity loss [1] . These two cycles are closely linked through a series of material and energy transfer processes in the soilplant-atmosphere system [2] . They are coupled together by a series of biochemical oxidation and reduction reactions. The stability of this coupling is not only affected by the quantitative balance between resource supply and demand, but also by biological factors related to resource utilization and efficiency of transformation [3] .
Ecological chemometrics is a discipline that studies the relationship between multiple chemical elements during ecological processes [4] . By combining the basic principles of biology, chemistry and physics, the stoichiometric relationships serve as a means to integrate the different scales of the microand macro-worlds, providing links between individuals, populations, communities and ecosystems. This strategy has been successfully used to explore the balance between nutrients, energy and multiple chemical elements inside an ecosystem [5] [6] . Since Elser first proposed ecological chemometrics [4] , the discipline has expanded from studying highly stable aquatic ecosystems to terrestrial ecosystems with a wide range of stoichiometric characteristics. Eco-chemochemistry unifies the differently scaled components of ecological entities at the elemental level by measuring carbon, nitrogen and phosphorus contents and calculating their ratios. By doing this, we can better clarify the interactions among ecosystem components and the dynamic balance of chemicals in the process. An ecosystem's composition, function, and response to environmental changes can also be assessed using stoichiometric relationships. The relative abundance of different chemical components of the ecosystem can control the rate of nutrient cycling and energy flow; thus, we can simply use the ratio of elements to reveal the relationship between carbon and nitrogen cycles in an ecosystem, as well as the constraints and regulations of carbon and nitrogen in the process of mass transfer [4, [7] [8] . The carbon and nitrogen cycles both transfer elements between plants, litter and soil. Using plant-litter-soil as a complete continuum, the carbon and nitrogen content and ratios of leaves, litter, and soil in the biome can reveal the interaction between elements and the relationship between material balance and constraints in the chemical process [3] .
The humid subtropical southern region of China contains the most concentrated area of evergreen broad-leaved forests in the world. Throughout its evolutionary history, the evergreen broad-leaved forest has evolved into a complex, multi-species broad-leaved forest composed mainly of evergreen trees from families such as Fagaceae, Lauraceae, and Theaceae. This type of forest has a complex functional structure, high amount of biomass, and is rich in biodiversity, and thus is a valuable concentration of biological resources in the area [9] . C and N are essential nutrients for plant production. In addition, their stoichiometry is indicative, to some degree, of plant growth and development, and therefore of life history and survival strategies [10] . In this study, we treat the plant-litter-soil continuum as one complex object. We investigated the C:N ratios in the plant-littersoil continuum in representative tree species of the evergreen broad-leaved forest. By studying the characteristics of C:N ratios in litter, fine roots and soil, we attempted to understand: 1. the carbon and nitrogen stoichiometry of each core component of an evergreen broad-leaved forest ecosystem; 2. the interaction between C and N; and 3. the principle of their antagonistic dynamics.
Materials and Methods

Overview of the study area
The study area is located in the Dagangshan National Forest Ecological Station (114°30′~114°45′E, 27°30′~27°50′N) in Xinyu City, Jiangxi Province (see Fig. 1 ). The soil type in this area is Kandiudults, whose main clay mineral is kaolinite. In the study area, the vertical zonal change with altitude is not obvious, and the soil remains very moist, loose, and has a thick humus layer. The maximum elevation is 1091.8m above sea level.
The area is of a subtropical monsoon humid climate with low mountain terrain. The average annual temperature of this area is 16.8 °C and reaches highs of 39.9 °C and lows of -8.3 °C. The annual average solar radiation of this area is 486.6 KJ/cm2; annual average relative humidity is 81%; annual average evaporation is 1503 mm; annual precipitation is 1593.7 mm with rainfall mostly concentrated in the period from April to June. The average annual frost-free period is 268 days. Soils in the area are zonal low hilly red soil, yellow soil and their sub-categories. The yellow soil is widely distributed, mainly at an altitude of 300-700 m; the red soil is mostly distributed in low hills (200 m above sea level). The pH value of the soil ranges from 4.0~5.0. The percentage of forest cover of this area is 76.4%, and the vegetation is mainly natural secondary evergreen broad-leaved forest, deciduous broad-leaved forest, various coniferous and broad-leaved mixed forest, bamboo forest, Chinese fir plantation, and natural evergreen broadleaf forest. The forest is mainly distributed at an altitude of 600 m or lower. Three sampling sites (each 20m×20m) in the evergreen broad-leaved forest were randomly selected in Dagangshan, Jiangxi Province (see Table 1 ). Inside each site, five sampling points (each 1m×1m) were randomly selected, and samples (50cm in diameter) from two layers of soil (0-10cm and 10-20cm) were taken using a soil drill. Subsequently, the soil sampled from different points in each layer were thoroughly mixed for indoor measurement of the soil organic carbon (SOM), soil oxidizable organic carbon (ROC), soil total nitrogen (N), alkaline nitrogen (Alkaline N), soil ammonium nitrogen (NH4 + -N), and soil nitrate nitrogen (NO3 --N) content.
To measure the total carbon and total nitrogen contents in each 20m×20m site, we randomly selected five sampling points (1m×1m) and collected litter (dry weight 1175.85 g) using a bracket made from nylon gauze. The samples were then mixed together in a Kraft paper bag. They were dried in the oven at 105°C for 15min, and then at 80°C until sample weight was constant. The sample was then ground into a powder of 0.10 mm by a pulverizer before the total carbon and total nitrogen contents of the sample were measured. Samples were collected in November 2017 and sample sites are shown in Table 1 .
The leaves were collected in November 2017. Six representative species of evergreen broadleaved forest were selected; they are: Sapium discolor (Champ. ex Benth.) Muell., Castanopsis fargesii
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Franch., Cyclobalanopsis myrsinifolia (Blume) Oersted, Machilus pauhoi Kanehira, Alniphyllum fortunei (Hemsl.) Makino, and Vernicia fordii (Hemsl.) Airy Shaw. For each species, we randomly selected three healthy plants from which to collect the mature leaves in the middle and upper parts of the plant facing four directions (i.e., north, east, south, and west). The collected samples were brought back to the laboratory to pretreat and determine the carbon and nitrogen content. To collect fine root samples, the soil underneath these plants (2/3 canopy) was collected using a soil drill, and then mixed in a Kraft paper bag. These soil samples were rinsed with running water using a sieve with a pore size of 0.5 mm to leave the fine roots. The fine root samples were then placed in a 65° oven, dried to constant weight, and the sample was ground into a 0.10 mm powder by a pulverizer before measuring the total carbon and total nitrogen content. 
Analysis indices and measuring methods
The content of organic carbon in plant leaves, litter, fine roots and soil was determined using the Walkley-Black chromic acid wet oxidation method. To determine the total nitrogen content, plant leaves, litter and fine root samples were digested by H2SO4-H2O2, and the resulting solutions was analyzed using a Kjeldahl nitrogen analyzer (KDY-9380). To determine the total nitrogen in the soil, a sulfuric acid-mixed catalyst was first used, and then the nitrogen content in the digested solution was determined by a Kjeldahl nitrogen analyzer (KDY-9380). Soil ammonium nitrogen (NH4 + -N) and nitrate nitrogen (NO3 --N) content was measured using a continuous flow analyzer (SKALAR San++ continuous flow analyzer). Soil alkaline nitrogen was measured using the diffusion method [11] .
Data processing
The C and N contents of the leaves, fine roots and collected litter of the representative tree species were all presented as mass percentage, and C:N ratios were presented as elemental mass ratio. We calculated Pearson's correlation coefficient to assess correlation between C:N ratios in leaves, fine roots, litter and soil from different layers and different trees, and we used One-way ANOVA (Turkey) to assess significance in differences between each category. Statistical analysis was carried out using SPSS 20.0 software (α=0.05).
Results
C and N contents and their ecological stoichiometry in the leaf-litter-soil continuum
The average C and N content of the leaves in the different components were the highest, and the average C and N contents in the soil were the lowest. The C:N ratio of the litter was highest. Oneway ANOVA showed that there was no significant difference in average C and N content between plant leaves, fine roots and litter for these six representative species. However, there was a significant difference in soil C and N content between the two layers. As shown in Table 2 , the average coefficient of variation (CV) of the average content of N in the fine roots and litter were significant (13.33% and 16.22%, respectively). The average C:N ratio of leaves is smaller than the C:N ratio of the litter, which is probably due to the resorption of the leaves by the plants themselves (Table 3) . It is worth noting that the average resorption rate of N is 40.40%. Note: Numbers in the parentheses are standard deviation. 
C and N content and ecological stoichiometry of different plant leaves and fine roots
For the representative species of the evergreen broad-leaved forest in the study area, according to the average C content of the leaves, C. myrsinifolia had a significantly higher average C content than the other 5 species, and the average C contents of S. discolor and V. fordii were significantly higher than those of C. fargesii, A. fortune and M. pauhoi. The average N contents of C. myrsinifolia and V. fordii were significantly higher than S. discolor and C. fargesii. The C:N ratios of S. discolor and C. fargesii were significantly higher than V. fordii and A. fortunei (Table 4) .
M. pauhoi and S. discolor had the highest average C content in fine roots, and the average C contents of roots in C. fargesii and C. myrsinifolia were significantly higher than those of A. fortune and V. fordii. M. pauhoi and S. discolor had the highest average N content in fine roots. The C:N ratios of C. fargesii and C. myrsinifolia were significantly higher than those of S. discolor and M. pauhoi. 
Distribution of C and N in different soil layers and their ecological stoichiometry
As shown in Table 5 , the total C and N decreases with soil depth. With the increase of soil depth, the contents of soil SOC, ROC, total N, alkali nitrogen, NH4 + -N and NO3 --N in the study area decreased, but changes in NH4 + -N and NO3 --N were minor. At 0-10 cm soil depth, the total N, alkali nitrogen, NO3 --N and C:N ratio had a significant CV; at 10-20 cm soil depth, the CV of ROC, alkaline nitrogen and NO3 --N were significant. In general, the horizontal spatial heterogeneity of soil C and NH4 + -N levels in the study area was not obvious, whereas the horizontal spatial distribution of soil NO3 --N content was significantly heterogeneous. Note: ** is significantly correlated at the 0.01 level, * significantly correlated at the 0.05 level.
Correlation between C and N distribution and ecological stoichiometry
As shown in Tables 6 and 7 , soil SOC in the study area was positively correlated with soil alkaline nitrogen at 0-10 cm soil depth. On the other hand, at 10-20 cm soil depth, soil ROC was positively correlated with soil NO3 --N; soil SOC was positively correlated with soil total N; soil ROC was negatively correlated with soil total N; Soil ROC was significantly positively correlated with soil NH4 + -N; soil alkaline nitrogen and soil C:N ratio were also positively correlated. Note: ** is significantly correlated at the 0.01 level, * significantly correlated at the 0.05 level.
Discussion
C and N contents and their ecological stoichiometry in different plant parts
As shown in Table 2 , the CV of the average N content in fine roots and litter was as high as 13.33% and 16.22%, respectively, indicating that there is a large degree of spatial distribution of total N content in the fine roots of different tree species in the study area. Since the major pathways for C assimilation, photosynthesis and nutrient absorption are different pathways, C is usually not a limiting element of plant growth, and thus C content has a small variation in most plants [12] .
Studies have shown that the total C and N content of the leaves of 102 dominant plants in southeastern China ranges from 374.1 to 646.5 g/kg and 8.4 to 30.5 g/kg, respectively [13] . In this study, we measured the leaf N content of six representative species of evergreen broad-leaved forest in the study area and found the average values were consistent with the values of the dominant plant leaves in the eastern and southern transects. The average C content was 401.87g/kg, which was lower than that of 492 terrestrial plants worldwide (464 g/kg) [14] . This may be explained by the fact that our sample collection was done in autumn, a season when plants are not as metabolically active and the turnover rate is not as high as during other seasons. The average content of leaf N in the six representative trees was 21.41 g/kg, which was slightly higher than the global average content of N in plant leaves (20.09 g/kg) [13] . This value however was higher than one in 753 Chinese terrestrial plants (18.6 g/kg) [15] . This may be related to the high resorption rate of leaf N, thus promoting nitrogen retention and reuse of N and enlarging the leaf N pool. Previous studies have shown the average content of C and N in fine roots of Chinese terrestrial plants to be 473.9 g/kg and 9.16 g/kg, respectively. The latter value is within the range of global average root N content (9.90-11.2 g/kg). The worldwide data also showed that fine root N content and soil nutrients are positively correlated [16] . The average content of fine root N in our six species was 15.73 g/kg, which was higher than the fine root N content of both terrestrial plants both in China and globally, indicating that the study area in Dagangshan is an area with high concentrations of root and soil N.
Carbon and nitrogen are indispensable elements for plant growth and development: carbon is the most important element in plant dry matter, while nitrogen is a limiting element in plant growth [17] [18] . Furthermore, understanding the characteristics of leaf C and N and their spatial distribution pattern can help us to evaluate the primary productivity of ecosystems. Among the six representative species we studied, S. discolor contained the highest amount of leaf C and the highest root N content, indicating that its carbon and nitrogen storage capacities are remarkable. We can infer from this that S. discolor is a pioneer species of secondary bare land in the region. These data are also indicative of the rate of nutrient cycling rate and efficiency of the forest ecosystem.
As a main element in chlorophyll, N affects plant chlorophyll activity, photosynthetic rate, enzymatic activities during dark reactions, and photorespiration rate [19] . The rate of respiration is related to the amount of N in plant tissues [20] . In plant cells, 90% of N is present in proteins, and these proteins need energy to self-repair [21] . The N content and its ratio in plants are strong indicators of the internal stability of the elements in plants. The contents of C and N in leaves and fine roots of six different plants in the evergreen broad-leaved forest in Dagangshan were generally consistent, showing a positively correlating relationship (i.e., if the content of C is abundant, then the content of N is also abundant and vice versa). By comparing the C:N ratios of the leaves and fine roots of different tree species, we found that when the C:N ratio is higher, the N content is less abundant. Among the six species we studied, C. fargesii, C. myrsinifolia, A. fortunei and V. fordii contained higher leaf N content than root N content, and the ratio of root N to C is higher than that of leaf N to C, suggesting these species have a high nitrogen transfer rate. By contrast, for S. discolor and M. pauhoi, the content of root N is higher than that of leaf N, which is probably due to the specific methods of nitrogen transfer and utilization in these two species. To further understand this, it is necessary to compare the element contents in various parts of the plants, thus predicting the equilibrium relationship between chemicals among multiple processes. The growth rate hypothesis suggests that the C:N ratio has a strong regulatory effect on plant growth rate. For most organisms, the high growth rate often corresponds to a high N:C ratio [22] . In our study, we found, consistent with the growth rate hypothesis, that A. fortunei had low leaf and fine root C:N ratios, and the growth rate of this species was high. This species is a fast-growing species, and at the same time a pioneer species in secondary bare land.
S. discolor, S. discolor and V. fordii are the deciduous species. C. fargesii, C. myrsinifolia and M. pauhoi are the evergreen species. The average C: N ratio of leaves and fine roots of deciduous species was smaller than evergreen trees. In the Dagangshan Mountains of Jiangxi Province, the study of 16 common tree species, in natural evergreen broad-leaved forests, revealed that in the vertical structure of the main canopy of the forest, the evergreen tree species are generally distributed in the lower layer, and the deciduous tree species are relatively distributed in the upper layer [23] . The evergreen tree species have a slow growth strategy. The above is consistent with our findings that deciduous species had low leaf and fine root C: N ratios, and the growth rate of this species was high. This survival strategy is the result of long-term adaptation of the organism to the environment, and the plant regulates the content of the elements in the body to achieve a better living state.
Soil C and N content and their ecological stoichiometry
Using soil samples collected from different depths, we found that the soil SOC, ROC, total N and alkali nitrogen content in our study area decreased with the increase of soil depth. A possible reason for this is that the decomposition of litter occurs on the surface layer of soil, and constantly moves downward [24] [25] . The deposition, leaching, ammoniation, and denitrification of atmospheric nitrogen have great impact on the changes of soil nitrogen content [26] [27] . In our study area, soil NH4 + -N and NO3 --N did not display a significant difference between 0-10 cm soil samples and 10-20 cm soil samples. This may be because the effects of ammoniation and nitrification on the content of NH4 + -N and NO3 --N in soil were greater than those of atmospheric nitrogen deposition and leaching. The soil NO3 --N content in the study area was higher than that of NH4 + -N, which is consistent with the results of Song et al. [23] . In their study, the authors revealed that the soil NH4 + -N pool is larger in winter and spring, whereas in summer and autumn, the soil NO3 --N pool is larger.
Alkaline N is an important indicator of the level of N, and it can accurately reflect soil N dynamics and N supply levels in an organism [28] . At 0-10 cm soil depth, the soil SOC in the study area was positively correlated with the alkaline N; and at 10-20 cm soil depth, the soil SOC and N were significantly positively correlated, indicating that the nitrogen supply capacity is also high when the soil carbon content is abundant. ROC is an important part of soil active organic carbon, which can sensitively reflect changes in soil quality [29] . It may have certain effects on soil microbes, thus affecting the positive correlation between ammoniation rate and soil NH4 + -N content.
Conclusion
(1) The average C and N contents in the leaves, fine roots and litter were significantly different from the average content of soil. The CV of the average N contents of fine roots (13.29%) and litter (16.22%) in the 6 representative tree plants were larger than that of C, indicating that the spatial distribution of total N content of fine roots of the different tree species in the study area is larger. The C:N ratio of litter is greater than the average leaf C:N ratio, which is probably due to the reabsorption of N nutrients by plant leaves (note the average resorption rate of N is 40.40%).
(2) The C and N contents in the leaves and fine roots of S. discolor were high, so its carbon and nitrogen storage capacity is strong. A. fortunei had low leaf and fine root C: N ratios, and the growth rate of this species was high. This species is a fast-growing species, and at the same time a pioneer species in secondary bare land. Compared with deciduous species, the evergreen tree species have a slow growth strategy. A. fortunei had high leaf and fine root C: N ratios, and the growth rate of this species was accordingly low.
(3) The changes in the contents of C and N in leaves and fine roots of six different plant species in the evergreen broad-leaved forest were generally consistent, featuring a positive correlation; In different plant parts, if the C:N ratio was higher, the N content was less abundant. Among the six species we studied, four species (C. fargesii, C. myrsinifolia, A. fortunei, and V. fordii ) contain higher leaf N content than fine root N content, suggesting these species have a high nitrogen transfer rate.
(4) With the increase of soil depth, the contents of soil SOC, ROC, total N, alkali nitrogen, NH4 + -N and NO3 --N in the study area decreased, but the change of NH4 + -N and NO3 --N were minor. At 0-10 cm soil depth, the soil SOC in the study area was positively correlated with the alkaline N, and at 10-20 cm soil depth, the soil SOC and N were significantly positively correlated, indicating that the nitrogen supply capacity is also high when the soil carbon content is abundant.
